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Abstract 
Inverse radiation problem for one-dimensional non-uniform medium has been investigated. A stochastic particle 
swarm optimization algorithm (SPSO) with a stochastic selection is adopted to estimate the absorption coefficients in 
a one-dimensional absorbing, emitting medium. The directional radiative intensities simulated by discrete ordinate 
method are served as input for the inverse problems. The performances of this algorithm on the accuracy of 
estimation are examined. Numerical results show that the proposed algorithm can guarantee the convergence of the 
global optimization solution, and is proved to be fast. The absorption coefficients could be estimated accurately. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction 
Inverse radiation analysis is very practical and useful in many different areas such as laser light-
scattering flame diagnosing, remote sensing of the atmosphere, optical tomography in medical imaging, 
the prediction of the temperature distribution in combustion chambers, optimizing the manufacturing and 
materials processing system and so on. This subject has been reviewed in a series of papers by 
McCormick extensively [1, 2]. A number of papers has been reported for determining the absorption 
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coefficient, scattering coefficient, single-scattering albedo, scattering phase function, boundary condition, 
or the optical thickness of a medium from various types of radiation measurements [3-7].  
On the other hand, a considerable amount of solution techniques has been employed in these inverse 
radiation problems. The traditional algorithms such as the conjugate gradient (CG) method [8] and 
Levenberg–Marquardt method [9] depend on the initial value or the derivatives and gradients which are 
difficult to be solved accurately by numerical simulation in some cases. The random optimal methods 
have been studied to solve the global optimal problems reliably such as Genetic Algorithm (GA) [10] and 
Particle Swarm Optimization (PSO) algorithm [11]. 
The PSO algorithm, which was introduced by Eberhart and Kennedy [12-14], is able to find a global 
optimum solution or a good approximation of the solution, usually without a theoretical proof. This is 
solely due to its ability to explore the search domain with ‘jump’ from a local solution to another and 
therefore, the global optimum solution can be reached step by step. As reported in Ref. [15], many kinds 
of problems which can be solved by GA are able to be identically solved by PSO, without suffering from 
the difficulties of GA’s. The PSO algorithm has been studied extensively by many researchers in recent 
years. Ozcan have proved that the PSO can guarantee convergence, but cannot guarantee global optimum 
[16]. Van den Bergh studied the global convergence and local convergence of basic PSO and GCPSO, and 
he pointed out the basic PSO could not guarantee the global or local convergence [17].  
In order to guarantee the convergence of the global optimum solution, we proposed a modified PSO 
algorithm with a stochastic selection in this paper. Firstly, the discrete ordinate method (DOM) is used for 
the simulation of a one-dimensional non-uniform absorbing and emitting media with diffusely emitting 
boundaries. And the directional radiative intensities at walls simulated by DOM are served as input for the 
inverse analysis. A stochastic particle swarm optimization (SPSO) algorithm is adopted to minimize the 
objective function and estimate the distribution of absorption coefficients in the non-uniform medium. 
2. Direct Simulation 
Consider the radiative transfer processes in a absorbing, emitting, and scattering gray media with 
diffusely emitting and reflecting opaque boundaries. The radiative transfer equation can be written in the 
form [18]: 
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where ( )I x  is the radiative intensity, a  is the absorption coefficient, κ sκ  is the scattering coefficient, 
 is the solid angle, and  is the scattering phase function. In this work we consider the 
absorption coefficient is function of the position in the medium. The boundary conditions can be given as: 
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where n represents the unit normal vector on the boundary w wx .
We apply the discrete ordinates method (DOM) to solve the direct problem. In the DOM, equations (1) 
and (2) are replaced by a discrete set of equations for a ﬁnite number of ordinate directions. In the 
Cartesian ordinate system, the discrete ordinates equation can be written as [18–20]: 
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With the boundary conditions: 
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Where subscripts  and m  denote the discrete directions; w  is the quadrature weight; the scattering 
phase function of media is assumed to be linearly anisotropic, ,
m ′ ( )1mm m m m mg μ μ η η′ ′Φ = + + ′ g  is the 
scattering asymmetry factor. 
In the inverse problem, the distribution of absorption coefficients is unknown and estimated by the 
measured data of exit radiative intensities at both walls. The inverse radiation problem can be formulated 
as an optimization problem. The objective function of the inverse radiation problem in this paper can be 
written as: 
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Where  are measured exit radiative intensities at the boundaries;  is the radiative 
intensities at boundaries for an estimated vector .
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3. Inverse Problem 
The basic idea of PSO can be described in an explicit way: each individual in particle swarm, referred 
to as a ‘particle’, represents a potential solution; each particle moves its position in search domain and 
updates its velocity according to its own ﬂying experience and neighbours’ ﬂying experience, aiming at a 
better position for itself.  
According to the simple PSO model which was proposed by Eberhart and Kennedy [12], the velocity 
 for each dimension of the i th particle can be updated as follow: iV
( ) (1 1 1 2 2-i i i i gV wV c r P X c r P X+ = + +                                                                                            (6) 
where  is the inertia weight coefficient;  and  are two positive constants called acceleration 
coefﬁcients; i  and 
w 1c 2c
P gP  are the local individual best location and the global best location; 1r and  are 
random numbers in the range of [0,1]. The new position 
2r
iX  for i th particle can be expressed as: 
1i i 1iX X V+ = + +
V
                                                                                                                                  (7) 
In the standard PSO, if  and 1i iV + , there exists a certain number that when the generation 
number is more than it, the current global best position 
0 1w< < <
gP  of the swarm does not vary, and consequently, 
all components of iV  will be smaller than a given error, and the particle will stop evolution. Even if a 
better solution exists in this direction, the particle swarm may stop evolution before ﬁnding this position 
and fall into premature convergence. This is the reason why the standard PSO may fall into local 
optimum solution. 
To solve the problem of premature convergence, we present the SPSO algorithm. Here set the inertia 
weight , substituting (6) into (7), the following equation can be obtained: 0w =
( ) (1 1 1 2 2-i i i i g )- iX X c r P X c r P X+ = + +                                                                                            (8) 
In order to improve the global searching ability, gP . is maintained to be the historic best position, and 
an extra particle  with the position jj X . is generated randomly in the searching domain. In this way, the 
following updating procedure is obtained: 
(; arg min , )j j g i jP X P P P= =                                                                                                            (9) 
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This means that if g j , the random particle locates at the best position and the new random 
particle will be searched repeatedly, therefore at least one particle is generated in the searching domain 
randomly to improve the global searching ability. 
P P= j
4. Results And Discussions 
In this paper, the absorption coefficients of the non-uniform medium are assumed as function form: 
( )22 0.5 0a x Lκ = − − + .8                                                                                                                 
(10) 
Inverse results at different positions using SPSO have been shown in table 1. The result indicates that 
the absorption coefficients can be estimated properly, the relative errors become almost negligible. 
Table1. Comparison between true and estimated absorption coefficients 
Positions
Absorption coefficients 
True value Estimated value 
0.05 0.395 0.39641 
0.15 0.555 0.55625 
0.25 0.675 0.67613 
0.35 0.755 0.75605 
0.45 0.795 0.79601 
0.55 0.795 0.79601 
0.65 0.755 0.75605 
0.75 0.675 0.67613 
0.85 0.555 0.55625 
0.95 0.395 0.39641 
5. Conclusions 
An inverse radiation problem of estimating the absorption coefficients for a non-uniform absorbing, 
emitting and gray media with diffusely emitting was investigated. The discrete ordinates method was 
employed to solve the radiative transfer equation. A stochastic particle swarm optimization (SPSO) 
algorithm is adopted to estimate the absorption coefficients by minimizing an objective function.For the 
inverse problem in this paper, it is found that SPSO has fast convergence speed and high computation 
accuracy. By using SPSO, the absorption coefficients can be estimated properly. In conclusion, the 
particle swarm optimization algorithm has the potential to be implemented in the field of various inverse 
radiation problems. 
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